Potential sources of dissolved P to phytoplankton and bacterioplankton were examined in a small meso-eutrophic lake. Kinetic analyses of whole lake water on three dates demonstrated that the maximal rate (V,,,,,) for phosphate uptake was highest (5.2 nM min-') in spring. On all dates, size fractionation of plankton and kinetic analyses of uptake indicated that most (> 50%) uptake of phosphate was by phytoplankton at VmaX and by bacteria at ambient concentrations. Isotope dilution assays, with either unlabeled phosphate or various dissolved organic P (DOP) compounds, demonstrated that phosphate was the preferred substrate for uptake into both algae and bacteria. Phytoplankton had greater capacity for uptake of P from both phosphate and DOP than bacterioplankton. We concluded that phytoplankton use both phosphate and DOP, particularly at high substrate concentrations, and that bacterial utilization of P may be limited by the availability of organic C or other nutrients.
Phosphorus availabihty is an important factor controlling phytoplankton productivity and species composition in lakes. Proportionately greater phosphate uptake by bacteria than algae has been demonstrated repeatedly in both marine and freshwaters. Bacteria usually dominated phosphate uptake in the tidal river of the Delaware estuary, but phytoplankton dominated uptake in the lower estuary (Lebo 1990) . Most studies in lakes indicate that bacteria sequester most available phosphate at ambient concentrations (Paerl and Lean 1976; Currie and Kalff 1984b) .
Other studies have shown, however, that ' Present address: Great Lakes Environmental Research La.boratory, 2205 Commonwealth Blvd., Ann Arbor, Michigan 48105.
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This work was supported by DOE contract DE-FG02-87ER60515 to R. G. Wetzel predominantly bacterial uptake of phosphate is not universal in aquatic systems. Phytoplankton and bacterioplankton were equally able to sequester phosphate in outer Los Angeles Harbor (Krempin et al. 198 1) . In Lake Michigan, phytoplankton took up nearly all of the available phosphate (Tarapchak and Moll 1990) .
Because bacteria often obtain significant quantities of ambient phosphate, it has been speculated that phytoplankton may use dissolved organic P (DOP) as an alternative source of P. Significant lpools of DOP exist in lakes (Wetzel 198 3) , but much of it may not be readily available. Although ambient phosphate concentrations and fluxes may be insufficient to support phytoplankton growth rates (Currie 1986) , little direct evidence exists to suggest that phytoplankton have an advantage for uptake of P from DOP. Autoradiographic methods in whole lake water provided evidence that initial phosphate uptake was by bacteria and that phytoplankton subsequently utilized DOP that had been excreted by bacteria (Pa.erl and Lean 1976) . Uptake of excreted P (presumed to be primarily organic) by phytoplankton was greater than that by bacteria in Lake Memphremagog (Currie and Kalff 1984b). Similar methods used in L,ake Michigan demonstrated, however, that most of the excreted P was taken up by bacteria (Tarapchak and Moll 1990) .
Using 32P-labeled substrates, isotope dilution of 32P043-, and size fractionation of P uptake kinetics, we examined uptake of phosphate and P from organic compounds by phytoplankton and bacterioplankton. We attempted to determine whether phytoplankton take up DOP more effectively than bacterioplankton and whether differential uptake of phosphate and DOP by bacteria and algae is concentration-dependent. We hypothesized that phytoplankton may exploit transient increases in P concentrations to support growth.
Our results support the view that phytoplankton use both phosphate and DOP, particularly at above-ambient concentrations. Additionally, our data suggest that initial uptake of P is not indicative of the relative P acquisition potential of bacteria because their internal P pools are nearly saturated.
Materials and methods
Sampling and site description -Experiments were performed on water collected from Third Sister Lake, which is a small (3.8 ha), moderately eutrophic lake in Washtenaw Co., Michigan (Cotner and Wetzel 199 1 a). Samples were collected into sterile, l-liter, polyethylene bottles with a Van Dorn water sampler fitted with silicone tubing. Experiments on the lake water began within 1 h of collection. All samples were incubated at ambient lake temperature in 100 pmol quanta m-2 s-l of light.
Analytic procedures-Bacterial counts and pigment analyses of filtered (1 -pm pore size, Nuclepore) and whole lake water demonstrated that differential filtration usually re- (Lean and White 1983) . Dissolved filters were mixed with 7 ml of Redi-Safe liquid scintillation cocktail (Beckman) and analyzed in glass scintillation vials.
Kinetic determinations -Kinetic measurements were performed on duplicate, loo-ml, unfiltered lake water samples at ambient lake temperature. For phosphate uptake measurements, appropriate amounts of 30 PM KH2P04 were added to samples to give nominal concentrations from 0 to 1,500 nM. Ambient concentrations were assumed to be zero. Rigler radiobioassay results indicated that ambient phosphate concentrations were usually ~50 nM. Simultaneously with unlabeled phosphate, carrier-free 32P0 3-was added at 400-800 Bq ml-l final con:entration.
An immediate 5-ml subsample was removed and filtered at 200 mm of Hg pressure differential onto 0.2-or 1.0~pm pore-size Nuclepore filters that had been presoaked in 0.1 M KH,PO, to decrease nonspecific binding. Subsequent subsamples were removed and filtered at 4-min intervals onto 0.2-and 1 .O-pm poresize filters for 20 min. Filters were dried, dissolved, and prepared for radioassay with scintillation cocktail. Total radioactivity was determined by radioassaying 1 ml of the sample.
Uptake rate into particulate size fractions was determined by multiplying the fractional uptake rate of 32P043-on each filter type by nominal concentrations. Uptake into particles retained by l-pm pore-size Nuclepore filters was determined directly and uptake into particles from 0.2 to 1 pm was estimated by subtracting radioactivity on l-pm filters from radioactivity on 0.2~pm filters. Results are reported as P-specific uptake rates scaled to particulate P (PP) concentrations in each size fraction (Suttle and Harrison 1986) . Time-zero samples were used as blanks in all uptake rate determinations. PP concentrations in size fractions were determined by measuring total P concentrations in whole, 1 -and 0.2-pm filtered lake water and subtracting total dissolved P concentrations (Am. Public Health Assoc. 1985) Kinetic determinations of [32P]ATP hydrolysis and uptake into size fractions were :performed similarly with the labeled com-:pound adenosine 5'-(r-32P)triphosphate in#stead of 32P043-. For these experiments, ,ambient. ATP concentrations were assumed to be zero. Unlabeled ATP was prepared at 30 PM and diluted to O-l ,000 nM nominal concent:rations in lake water at the start of the experiment.
The specific activity of [32P]ATP varied from 0.55 to 1.1 TBq mmol-I, and the final concentration of added [32P].ATP was 1 nM. Duplicate loo-ml samples were subsampled and filtered onto different pore-sized filters as in 32P0,3-uptake experiments.
To determine hydrolysis rates in addition to uptake rates, we collected filtrate and removed an aliquot for radioassay. The remaining filtrate was acidified to 0.44 N with H2S04, treated with 20 mg of activated charcoal, and subsequently filtered through a 0.45-bcrn pore-size Millipore filter that had been soaked in 0. Isotope dilution experiments were designed to examine the effect of different DOP compounds on total community phosphate uptake and size-fractionated community uptake. These experiments were performed similarly to the method of Berman (1988) by adding tracer amounts of 32P043-and 1 PM concentrations of unlabeled inorganic P (as P), organic P, or organic C compounds to duplicate samples of lake water. In the control for these treatments, no unlabeled P was added. Plankton was subsampled and size fractionated as in kinetic experiments. In all experiments 1 PM .phosphate was added as an additional coatrol. Other treatments were inorganic pyrophosphate (PP,), adenosine monophosphate (AMP), cyclic AMP (CAMP), adenine (ADN), cyclic cytidine monophosphate (cCMP), phosphoglycollate (PGA), glycollate (GLY), glucose-6-phosphate (G6P), and MUP. All of the organic P compounds are alkaline phosphatase substrates except the cyclic nucleotides (Reid and Wilson 197 1) . ADN and GLY were added as controls for the organic moiety of the DOP compounds, AMP and PGA, respectively.
Effects on community uptake were esti- Table L . Kinetic constants for phosphate uptake in unfiltered and size-fractionated lake water. V,,, values were normalized relative to lake water volume. SF-Size fraction. Uptake at V,,, and F'P concentrations in each SF were used to calculate PP uptake rates. Values in parentheses are standard errors of the mean. mated by the percent change in 32P043-uptake onto particles on the 0.2~pm pore-sized filter relative to the control (only 32P043-added). The importance of the two size fractions in DOP utilization was examined through the uptake of 32P043-into each size fraction in the presence of unlabeled DOP relative to the total amount of 32P043-taken up into particles in a particular treatment. This comparison assumes that all of the DOP compounds used are hydrolyzed to an organic moiety and phosphate before the phosphate is taken up, and also that hydrolyzed phosphate mixes with bulk-phase water. Although G6P is known to be taken up in entirety by a specific hexose-phosphate transport system in laboratory cultures of Escherichia coli (Torriani-Gorini et al. 1987 ), a similar transport system has not been demonstrated with larger DOP compounds such as AMP (Bengis-Garber and Kushner 19 8 2).
Results
Kinetic analyses -Kinetic analyses of whole lake water uptake of 32P043-demonstrated varying results at different times of the year. Results on three dates showed that phosphate uptake velocities fit the Michaelis-Menten model. Of the three dates, the April sample had the highest V,,, (Table  1) . In all three of these experiments, community phosphate uptake was essentially saturated at 1 FM added phosphate.
Analyses of phosphate uptake in January showed that the > 1 -Grn size fraction had a PP uptake rate similar to that of the bacterial size fraction. K, values for these size fractions were nearly equal as well (Table 1 and Fig. 1) . In April the bacterial size fraction had a P-specific uptake rate at V,,, that was about two times that of the algal size fraction, and the bacterial K,, was about a ninth the K, of the algal size fraction (Table 1). In October, the bacterial size fraction had an uptake rate at V,,, about half that of the algal size fraction (Table l) , but the bacterial kinetics did not fit the MichaelisMenten model (Fig. 1C) . Bacterial phosphate uptake decreased substantially at increasing concentrations of phosphate.
Phosphate treatments-The greatest iso- % CONTROL Fig. 2 . Effect of 1 PM additions of unlabeled inorganic and organic P compounds and organic C compounds on 32P043-uptake relative to controls. Standard errors for duplicate treatments were always ~20% of the mean and usually < LO% of it. Treatments were cyclic cytidine monophosphate (cCMP), phosphoglycollate (PGA), pyrophosphate (Pl'i), glucose-6-phosphate (G6P), methylumbelliferyl phosphate (MUP), cyclic adenosine monophosphate (CAMP), adenosine monophosphate (AMP), glycollate (GLY), and adenine (ADN).
tope dilution effect on total community 32P043 -uptake was by phosphate rather than DOP treatments (Fig. 2) . On all dates, the percent of total 32P043-uptake into the algal size fraction significantly increased with the addition of 1 PM phosphate (ANOVA; P < 0.0 1) and the effect was most pronounced in early spring and fall samples (Fig. 3) . In these samples, the percent of total commun ity 32P043-taken up in the algal size fraction increased from ~30% at ambient conditions to > 90% in the phosphate treatment.
In the April and Augest experiments, the percent of total community 32P043-uptake into the algal size fraction with phosphate addition did not increase as substantially as in spring and fall (Fig. 3) . In August, bacteria acquired 5 1% of total 32P043-at 1 PM added phosphate (Fig. 3) .
DOP treatments -Isotope dilution of phosphate uptake by added DOP substrates was used as an index of DOP uptake by the microbial community (Fig. 2) . Analyses of these experiments showed that there was a significant isotope dilution effect by added DOP on all dates for all DOP compounds (ANOVA; P < 0.01). Additionally, DOP treatment effects differed from control phosphate treatment effects (ANOVA; P < 0.01). A significant interaction of P treatments and size fractions occurred on all dates, suggesting that algal size fractions took up different portions of the P pool than did bacterial size fractions. There were large isotope dilution effects on 32P0,3-uptake by PGA, PPi, AMP, G6P, and MUP (Fig. 2) . The cyclic nucleotides, cCMP and CAMP, had little effect relative to the controls. These results suggest that the compounds with a phosphomonoester bond were more labile than compounds with a phosphodiester bond. Therefore, alkaline phosphatase or other enzymes that hydrolyze phosphomonoesters may be important in making P available from organic P compounds in this lake.
The dissolved organic C compounds, GLY and ADN, were added in the August experiment as controls for the organic moiety of the DOP compounds (Fig. 2C) . Results showed that GLY had little effect on the initial community phosphate uptake but that ADN decreased phosphate uptake to 53% of the control. Therefore, the effect of PGA was likely a simple isotope dilution effect, but there may have been additional, nonisotopic dilution effects of AMP.
Additionally, we examined direct uptake of the phosphor-y1 moiety from [32P]ATP on one date in October. Hydrolysis at V,,, was less than the phosphate uptake at V,,, (Tables 1 and 2); this result suggests that planktonic capacity to hydrolyze this organic P compound was less than the capacity to take up phosphate. The initial slope for [32P]ATP uptake (V,,,/K,; Healey 1980) was greater than that of phosphate uptake at this time (Tables 1 and 2 ), suggesting a greater affinity for phosphate than ATP if both are present at low concentrations. Estimates of K, are influenced by ambient substrate concentrations in lake-water experiments, and therefore differences in ambient ATP and phosphate concentrations would affect this conclusion.
Size fractionations of [32P]ATP uptake indicated that the planktonic community used this compound differently than inorganic phosphate. Similar to phosphate uptake kinetics in October, the bacterial size fraction did not demonstrate Michaelis-Menten uptake kinetics (Fig. 4) . P-scaled uptake showed that algal uptake fit the Michaelis-Menten model and also that the algal size fraction was superior to bacteria in uptake at all concentrations above ambient. suggests that phytoplankton can use either substrate equally well if both are saturating (Tables 1 and 2) .
Size fractions in isotope dilution experiments were examined for the percent of 32P043-taken up after treatment with unlabeled DOP compounds. In February and March samples, DOP tre:atments increased the percent of 32P04 3-taken up into the algal size fraction by O-50% relative to the control (Fig. 5) . In contrast, 32P043-uptake into the bacterial size fraction never increased with DOP treatments. No effect was demonstrated in the cCMP treatment in February. If our assumption that hydrolyzed phosphate mixes with the bulk-water phase is correct, increased upta.ke by the algal size fraction implies that the DOP treatments increased the proportion of the labile P pool taken up into the algal size fraction, just as phosphate treatments did. The compounds that had the least isotope dilution effect on total microbial 32P043-uptake, MUP and cyclic nucleotides (Fig. 2J , also had the least effect on algal and bacterial 32P043-uptake (Fig 5) .
In August, the distribution of 32P043-in the size fractions changed minimally after addition of unlabeled DOP compounds. There was measurable isotopic dilution, however, of microbial phosphate uptake by unlabeled DOP (Fig. 2) . These results indicate that the bacterial size fraction utilized the various DOP compounds to a greater extent than in spring samples, perhaps because the bacteria had greater phosphate uptake capacities at this time (Fig. 3) .
24-h size fractionations-To determine whether initial uptake: analyses reflected long-term acquisition of P by the algal and bacterial size fractions, we analyzed the distribution of 32P in the March and August samples after -24 h. These data indicate that initial uptake analyses give a conservative estimate of the long-term acquisition of P compounds by the > 1 -pm fraction (Fig.  6) . On both dates, a larger percentage of the B2P was in the algal size fraction than initial uptake analyses suggested.
This result is consistent with the view that the bacteria were less able to retain the P that was taken up and that it was reassimilated by phytoplankton or that there was transfer of 32P into particles > 1 pm through predation by flagellated microheterotrophs. In all treatments the relative relationships between short-and long-term analyses were consistent, i.e. if initial rates showed most uptake by algal size fractions, then longterm analyses showed the same relationship. The only exception to this result was the AMP treatment in August. Analysis of initial uptake rates suggested that <20% of the P was moving into the algal size fraction, but the 24-h treatment showed > 50% of the isotope in this size fraction (Figs. 5, 6 ).
Discussion
Although bacteria obtained most of the phosphate at ambient concentrations, bacterial phosphate uptake became saturated at low phosphate concentrations and an increasing proportion of phosphate was taken up by the algal size fraction at high concentrations. Only in winter samples, when neither algal or bacterial growth rates would be high and presumably competition for phosphate would be low, were the phytoplankton able to obtain much of the available phosphate at low concentrations.
The bacterial phosphate uptake did not fit Michaelis-Menten kinetics in October, probably because ambient phosphate concentrations saturated bacterial uptake sites. Similar observations have been made in mixed cultures of Pseudomonas and Synedra from Lake Memphremagog (Currie and Kalff 1984a). The decrease in bacterial uptake velocities observed with short-term 32P043-and [32P]ATP uptake in the present study may be the result of feedback inhibition of V,,,. For example, V,,, decreased 35-fold as intracellular P concentrations increased in cultures of phytoplankton (Gotham and Rhee 198 1) . Similarly, as pools of bacterial internal P became saturated, P uptake may have decreased through feedback inhibition.
Because bacterial phosphate uptake is saturated at low phosphate concentrations and algal uptake is not, an increasing proportion of phosphate is obtained by phytoplankton when ambient concentrations are increased by means of allochthonous inputs. We have measured a 4-fold increase in soluble reactive P and nearly 1 O-fold increase in total P after a summer rain event in Third Sister Lake. Microscale patchiness in P distributions in the epilimnion would also increase the proportional uptake of phosphate by phytoplankton relative to bacteria because of increased concentrations of phosphate in these patches (Lehman and Scavia 1982) .
Our data from short-and long-term phosphate uptake suggest that the internal P pools in the phytoplankton were not saturated and much of the P taken up could be incorporated into biomass. Many taxa of phytoplankton can store significant quantities of P as polyphosphate bodies when P supplies are abundant. Because a compromise exists between enzyme-substrate binding and maximal incorporation rates at high substrate concentrations (Fersht 1985) , it may not be ecologically advantageous for phytoplankton growing in habitats with fluctuating concentrations of P to have phosphate uptake enzymes that bind P efficiently at low concentrations. Additionally, the apparent detrimental effect of a low affinity for (Gotham and Rhee 198 1) .
It is possible that much of the phosphate that bacteria take up is not net uptake and is merely replacing losses from internal pools. Button (199 1) speculated that oligotrophdc bacteria leak nutrients at moderate substrate concentrations because of efficient uptake and accumulation of substrate internally. In Third Sister Lake, most net uptake of phosphate was by cyanobacteria in the <:5-p.m size .fraction and not by heterotrophic bacteria (Lehman and Sandgren 1982) . Feedback inhibition of bacterial phosphate uptake as internal P pools become saturated (Gotham and Rhee 198 1) could result in increased concentrations of labeled P in algae in long-term experiments relative to short-term experiments, as was noted in this study.
For a net transfer from bacteria to algae, phytoplankton must be able to accumulate P released from bacteria. A small net flux of labeled excreted P into the algal size fraction was measured in Lake Memphremagog (Currie and Kalff 1984b), but in Lake Michigan most of this excreted P was taken up into bacterial size fractions (Tarapchak and Moll 1990). Another mechanism for transfer of P from the small size fraction to the > l-pm size fraction in the present study could have been predation on bacteria by microfagellates (Caron et al. 1985) or ciliates (Sherr et al. 1986 ). These effects would be minimized in the short-term incubations but may have been important in the 24-h incubations. If concentrations and ingestion rates of flagellated microheterotrophs in Third Sister Lake were comparable to those measured in Lake Oglethorpe (Porter 198 8) , flagellates could consume 3-3 5% of the biomass of bacteria. These percentages are comparable to the increased percentage of 32P measured in particles > 1 pm after 24 h; therefore, this mechanism for transfer of P between size fractions cannot be ignored. This study supports the view that phytoplankton take up a significant proportion of the labile DOP in Third Sister Lake at certain times. Bacterial uptake of [32P]ATP was greater than algal uptake at ambient concentrations, but the difference between the bacterial size fraction and the algal size fraction at this concentration was not as great as with phosphate uptake. Similar to phosphate, kinetic analyses of [32P]ATP uptake demonstrated that increasing proportions of the 32P were taken up by the algal size fraction at high concentrations, and bacteria did not demonstrate hyperbolic saturation kinetics. Because the am'bient concentration of total DOP is greater than ambient phosphate concentration in most lakes (Wetzel 1983) , there may be a greater flux of this component of the P pool into phytoplankton. High alkaline phosphatase activity in the algal size fraction lends further support to the view that phytoplankton use DOP as a P source (Table 3) . These results support the hypothesis of Currie and Kalff (1984b) that DOP may be an im.portant P source for phytoplankton growth. Two other studies concluded that most P from DOP was taken up by bacteria rather than algae in lakes. Berman (1988) used isotope dilution of 32P043-with unlabeled DOP compounds to examine algal and bacterial uptake of P from DOP. Because there was a greater effect of unlabeled DOP on the rate constant of the bacterial size fraction than on the algal size fraction relative to controls where no unlabeled DOP was added, he concluded that bacteria utilized DOP to a greater extent than algiae in Lake Kinneret.
However, this interpretation ignored the vast differences in the shape of phosphate uptake curves in alga!1 and bacterial size fractions. Because the initial portion of the bacterial phosphate uptake curve was steeper than that of the phytoplankton size fraction and because bacterial phosphate uptake became saturated at a lower concentration of phosphate, an increase in phosphate release from DOP would have a much greater proportional effect on bacterial 32P043-uptake rates than phytoplankton 32P043-uptake rates.
In the present study, we assumed that phosphate hydrolyzed from DOP mixed with the bulk-water phosphate pool and therefore, comparisons were made between algal and bacterial phosphate uptake in the same treatment rather than in controls at ambient concentrations.
Isotope dilution data from our study and that of Ammerman and Azam (1985) support the conclusion that phosphate hydrolyzed from DOP mixes with bulk-water phosphate.
The apparently preferential uptake of DOP by bacteria over algae in Lake Michigan (Tarpchak and Molll990) differed from our results in Third Sister Lake. This difference may or may not be a consequence of the different methodologies used. Tarapchak and Moll (1990) size fractionated before adding radiolabeled phosphate and unlabeled organic P. Although they concluded that there were no artifacts of prefiltration, this treatment decreased phosphate uptake into the bacterial size fraction by an order of magnitude in our study (data not shown).
Additionally they followed the flux of DOP with 32P that presumably had been excreted by organisms and was organic (E-DOP), rather than with isotope dilution analyses of 32P043-uptake by unlabeled DOP and direct analysis of 32P uptake from DOP with [32P]ATP as a model DOP compound. E-DOP likely is a useful tracer of naturally occurring compounds at natural concentrations, but nothing is known about its composition. Isotope dilution of 32P043-uptake by unlabeled DOP and [32P]ATP tracer studies have the advantage of following fluxes of specific compounds, but they may not reflect fluxes of compounds that constitute the entire DOP pool in nature.
Alternatively, there may be real biological differences in the utilization of DOP by bacteria in oligotrophic and eutrophic lakes. Bacteria in eutrophic lakes, like Third Sister Lake, may use proportionately more phosphate than bacteria from oligotrophic lakes because of greater availability of dissolved organic C (DOC) in eutrophic lakes (Tarapchak and Moll 1990) . Gradients in DOC loading affect uptake of P from DOP as well (Cotner and Wetzel 199 la).
Although our data are consistent with the hypothesis that phytoplankton obtain a significant proportion of DOP in Third Sister Lake, one cannot assume that phytoplankton always have an advantage in DOP utilization even when high concentrations of DOP are present. Isotope dilution analyses in August suggested that bacteria took up a significant proportion of P from DOP. This result and evidence that bacterial phosphate uptake capacity was greatest at 1 PM added phosphate in August suggest that bacteria may be able to take up significant quantities of phosphate from DOP when they exhibit phosphate uptake capacities comparable to phytoplankton.
Numerous investigators have suggested that bacteria can outcompete phytoplankton for P because of their higher uptake rates for phosphate at ambient concentrations. Bacteria can outcompete phytoplankton for P in culture experiments when media are supplemented with organic C (Rhee 1972) , but this result has not been demonstrated in natural systems. Because organic C can often limit bacterial growth, phytoplankton and bacterioplankton may not compete for P at all.
Results from this study do not suggest that bacteria acquire and retain P more effectively than phytoplankton.
Phytoplankton were less saturated with respect to their P pools and therefore were able to garner a larger proportion of inorganic and organic P at high P concentrations. P taken up into storage pools for phosphate can then be used to support phytoplankton growth for several generations (Rhee 1972 ) and compensate for decreased relative uptake rates at low substrate concentrations.
Competition between algae and bacteria for P is a function of both uptake and storage capacity (Kilham 1978) . The phytoplankter, Asterionella formosa, can store 80 times the minimum cell quota internally (Tilman and Kilham 1976) . Aquatic bacteria have a higher requirement for P than phytoplankton and therefore cannot store proportion-ately as much P (Vadstein et al. 1988) . C B ERMAN, T. 1988 ; 1982) ., and hydrolysis is usually the rate-limiting step for incorporation of organic substrates (Hoppe et al. 1988 ). Therefore, whether bacteria behave as net remineralizers in lakes is likely less dependent on whether bacteria use phosphate or DOP as their substrate for growth than on the degree of C lirnitation and growth rate of the bacterial community.
Although DOP compounds can be taken up in entirety by aquatic bacteria (Tarapchak and Moll 1990) , this process would have little effect on remineralization rates if the bacteria are limited by the availability of organic C and P incorporation is dependent on DOC. As with phosphate, much of the DOP uptake would not result in net P incorporation if another nutrient limits growth.
